The existence of an association between schizophrenia and an infection by the protozoan parasite Toxoplasma gondii has been suspected since the 1950s. Two significant phenomena first garnered the attention of the psychiatric community toward toxoplasmosis, the illness precipitated by an infection of the parasite. Transient symptoms of acute toxoplasmosis sometimes resemble the clinical picture of paranoid schizophrenia. Many studies have also found an increased seroprevalence of toxoplasmosis in clients of mental health institutions in comparison with members of control populations. We have had to wait until the first decade of our millennium for several independent research teams to make discoveries that would shed light on the possible mechanisms that link the Toxoplasma parasite to schizophrenia.
Infectology and psychiatry appear to be two unrelated branches of medicine that seem to have only a few topics in common. The main aim of the present article is to show that this understanding could change in the near future.
In the 1990s, Torrey and Yolken revived and promoted the infectious hypothesis of schizophrenia by pointing out the one risk factor that toxoplasmosis and schizophrenia have in common: contact with cats [1] . According to their two meta-analytic studies, the seroprevalence of toxoplasmosis in schizophrenia patients is significantly higher than in controls [2, 3] , while being Toxoplasma positive (to have anamnestic anti-Toxoplasma antibodies) increases by about 2.7-times (95% CI: 2.10-3.60) the chance that a subject will also be diagnosed with schizophrenia. Similar results (odds ratio [OR]: 2-4.4) have likewise been reported by four studies performed in China [4] . These ORs are most likely undersized due to a sampling bias accompanying all modern prevalence studies. The increased concern for patients' rights allows only subjects willing to voluntarily participate in a scientific study, that is, mostly the patients with less severe forms of schizophrenia, to be involved in surveys. The prevalence of toxoplasmosis in clinical serological samples of male patients is about two-times higher than in the general population [5] . There is only one prospective study published so far showing that the infection by Toxoplasma had preceded the onset of schizophrenia in the US military personnel by 6-36 months [6] .
Distinct & more serious clinical picture of toxoplasmosis-associated schizophrenia The clinical picture of schizophrenia in Toxoplasma-infected and Toxoplasma-free subjects differs in several respects. Toxoplasma-infected individuals score higher on the positive and negative syndrome scale. Specifically, they have more severe positive symptoms of schizophrenia as shown in three independent studies [7] [8] [9] . Another recent study revealed that Toxoplasma-infected patients have a 15-times higher probability of having a continuous course of disease than Toxoplasma-free patients [10] . Typical morphological changes described in the brain of schizophrenia patients, namely the decrease of grey matter density bilaterally located within the caudate, median cingulate, thalamus and occipital cortex and in the left cerebellar hemispheres, can be detected only in Toxoplasma-positive patients [11] . These patients also spend more time in hospitals during the occurrence of a schizophrenia episode [9] . Similarly, the difference in the mean age of schizophrenia onset between men (23.5 years in Czech Republic) and women (27 years) were observed only in Toxoplasma-infected subjects and not in the three-times as large population of Toxoplasma-free subjects (23 years for both men and women) [9] . This difference seems to be in agreement with the fact that Czech men usually acquire the Toxoplasma infection during their childhood, while Czech women undergo a second peak of incidence of infections at the age of 25-30. The second peak can be caused by transmission of Toxoplasma from infected men during non-protected sex [12] , suggesting not only that toxoplasmosis, but also indirectly a certain form (the Toxoplasma-associated) of schizophrenia could be in fact a sexually transmitted disease. It is also possible that other changes observed in schizophrenia patients, for example, changes in a prepulse inhibition or in a sense of smell, are actually linked with (or even caused by) toxoplasmosis, rather than schizophrenia [13] .
Some antipsychotic drugs, namely fluphenazine, haloperidol and mood stabilizer valproic acid [14, 15] were found to be rather powerful and very specific inhibitors of Toxoplasma reproduction during in vitro cultivation. Goodwin et al. [16] reported inhibitory activity of fluphenazine, trifluoperazine and thioridazine but no activity of haloperidol or clozapine. It seems possible that some therapeutic activities of these antipsychotic drugs could be mediated by inhibition of mental disorder-associated infections. If so, the anti-microbial side effects of drugs should be taken into consideration in treatment of Toxoplasma-infected patients or in the process of searching for new antipsychotic and/or new antiparasitic drugs.
Differences in the prevalence of toxoplasmosis between countries explain a significant part of the variability between countries in the total disease burden within Europe when important confounding variables (income per capita, latitude, mean humidity) are controlled [17] . It must be reminded that an observed association of the prevalence of toxoplasmosis, with bipolar disorder and especially with obsessive-compulsive disorder was even stronger than that with schizophrenia.
Dopamine as the probable link between toxoplasmosis & schizophrenia
The neurotransmitter dopamine is known to play an important role in old as well as in some new theories of schizophrenia [18, 19] . The increased concentration of dopamine in specific parts of the patients' brain is presumed to be responsible for the positive symptoms of this mental disorder, that is, hallucinations and delusions. Nearly all modern antipsychotics either decrease the dopamine concentration or downregulate the activity of its receptors on neural cells [20] . The key role of dopamine in the association between toxoplasmosis and schizophrenia was suggested in 2003 on the basis of decreased novelty seeking observed in infected people and as well as in laboratory mice later on [21, 22] . This increased production of dopamine was originally considered to be a product of chronic brain tissue inflammation because similar behavioral symptoms were also observed in subjects infected with another neurotropic pathogen, human cytomegalovirus [23] . However, in 2009 Gaskell et al. identified two genes for rate-limiting enzymes of dopamine synthesis, tyrosine hydroxylases, in the genome of Toxoplasma [24] with a following study demonstrating that these genes are expressed in the brain tissue of an infected host as well as likely being responsible for the overproduction of dopamine in tissue cysts of Toxoplasma [25] . It is highly probable that the increased concentration of dopamine in the cysts and their surroundings is responsible for the positive symptoms of schizophrenia observed in some patients with acute schizophrenia, as well as for the observed association between latent (chronic) toxoplasmosis and schizophrenia. It is not clear whether the induction of the positive symptoms of schizophrenia is a part of the so-called 'manipulative activity' of Toxoplasma or just an effect of a chronic brain infection. In order to reproduce sexually, Toxoplasma needs to get from its intermediate host, for example, mouse or human, to its definitive host, which is a feline, by predation. Dopamine seems to interfere with processes of recognition of novelty, which results in a decrease of novelty seeking in neophilic species like mice and humans and in an increase of novelty seeking in neophobic animals like rats [26] . It is possible that these resulting behavioral changes could increase the probability of predation of mice or our human ancestors by felines. In Toxoplasma's evolutionary past, dopamine was most likely produced only by activated immunocytes in locally damaged brain tissue in or near the sites of Toxoplasma infection. Only later did Toxoplasma improve its capacity to increase dopamine production by evolving or capturing through horizontal gene transfer its own tyrosine hydroxylases. If this is true, toxoplasmosis-associated schizophrenia is then just a side effect of the increased level of dopamine. The enhancement of the dopamine synthesis itself, however, could be a biological adaptation of Toxoplasma for manipulation within the intermediate host behavior, namely for increasing the probability of cat's predation of infected prey due to the deteriorated ability of infected hosts to recognize what is new in their environment.
The causal relationship between toxoplasmosis and schizophrenia is not simple. Schizophrenia is not caused by only one main, environmental or genetic, etiological factor, rather it is a typical disorder caused (or rather co-caused) by many environmental and genetic factors, which are both additive and interchangeable in their effects. In such multifactorial disorders, the question of whether a particular factor, for example, toxoplasmosis, just modifies the course of schizophrenia, or whether it causes certain forms of schizophrenia, does not make much sense. The best that could be said is that the observed strength of association between these two 'unrelated' disorders suggests that Toxoplasma infection is probably a relatively important cause of severe forms of schizophrenia in subjects with other environmental and genetic predispositions.
Expert opinion
The prevalence of toxoplasmosis in younger subjects has decreased from about 20 -25% to about 10% in the USA and many European countries during the past 15 years. Throughout the same time, the prevalence increased from about 5% to >10% in some large Asian countries, like China. On the whole, the public health impact of toxoplasmosis, including its psychiatric sequels, is most likely increasing in the modern world [17] . No method of treatment for latent toxoplasmosis is currently available. In light of present discoveries, intensive searching for new antiparasitic drugs able to kill dormant stages of the Toxoplasma in bodies of people with latent toxoplasmosis is therefore critically needed. Phylogenetic affinity of Toxoplasma and the results of in vitro studies suggest that antimalarials and certain categories of antipsychotics might be the drugs of the first choice.
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